With the aging of the U.S. population and increases in longevity, it is predicted that the prevalence of persons diagnosed with dementia of the Alzheimer's type will triple between 2010 and 2050 from 4.7 to 13.8 million (Hebert, Weuve, Scherr, & Evans, 2013) . This projected growth does not only affect the individual with dementia, but their family members and society at large. Alzheimer's disease and related dementias are associated with a gradual and prolonged deterioration of cognitive and functional abilities that result in an increased need for care. It is estimated that in 2012 approximately 15.4 million informal caregivers provided care to loved ones with dementia and that 60% of these caregivers rated the stress of caregiving as high or very high (Thies, Bleiler, & Alzheimer's Association, 2013) .
Previous studies have shown that spousal dementia caregivers have increased risk of negative physiological, psychological, and social outcomes (Braun et al., 2009 ) as well as mortality compared with non-caregiving spouses (Schulz & Beach, 1999) . A meta-analysis of studies that compared health of dementia caregivers and demographically similar non-caregivers strongly supports that the perceived burden and physiological stress associated with caregiving is related to negative health outcomes such as depression, social isolation, poor health habits (e.g., diet and exercise), increased cortisol levels, obesity, and increased inflammation levels (Vitaliano, Zhang, & Scanlan, 2003) .
Not only are caregivers at increased risk of deleterious health outcomes, but recent studies have revealed that dementia caregivers are at increased risk of dementia themselves. Vitaliano and colleagues describe the negative impact on spousal dementia caregivers' cognitive and physical health using the theoretical model of chronic stress (Vitaliano, Murphy, Young, Echeverria, & Borson, 2011) . These authors propose that poorer health outcomes in the caregiver are related to psychological, behavioral, and physiological factors associated with the chronic stress of providing care to a spouse with dementia. Specifically, the negative influence of psychosocial and behavioral factors associated with chronic stress (e.g., depression, social isolation, poor health habits) in conjunction with the additional risk factor of physiological factor of age (i.e., dementia caregivers are typically age 60 and older; Kawas, Gray, Brookmeyer, Fozard, & Zonderman, 2000) places dementia caregivers at increased vulnerability for significant health declines, reflected in the multidimensional condition of frailty. In later life, such effects on health are especially problematic because of the decreased resilience that comes with increased frailty.
To date, little is known regarding differences in spousal caregiving in overall health based on the cognitive status of the care-recipient and whether the health differences remain following the cessation of caregiving responsibilities (i.e., death of the care-recipient). The chronic stress model proposed by Vitaliano and colleagues (2011) suggests that the additional burden placed on dementia caregivers, due to constant vigilance and neuropsychiatric symptoms (e.g., aggression and agitation) associated with dementia progression, could result in greater stress and lower physical resilience resulting in decreased overall health (i.e., frailty) compared with non-dementia caregivers. Therefore, the purpose of this study is to explore whether changes in spousal caregivers' overall health (i.e., frailty), over time, differs between dementia and non-dementia caregivers. Given these factors identified in previous literature, our hypothesis is that dementia caregivers will experience a significantly greater increase in frailty in the period immediately following and 2 or more years following the death of the care-recipient compared with non-dementia caregivers.
Design and Methods

Data
Data for this study come from the Health and Retirement Study (HRS). We used six waves of core data (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) and four waves of exit data (2002) (2003) (2004) (2005) (2006) (2007) (2008) to identify our sample (Health and Retirement Study, 2010; National Institute on Aging, 2007) . The core data come from the RAND HRS data files, which were cleaned and imputed for ease of use (RAND Center for the Study of Aging, 2008).
Several steps were used to identify our analytic sample. We were interested in changes in frailty, over a 2-year and 4-year period, of the surviving spouses of decedents with and without a diagnosed memory disease. Thus, the data set was limited only to surviving spouses, who self-identified as the primary caregiver, who had three consecutive waves of core data available-the wave prior to death (wave (t−1) ), the wave the death was reported (wave (t) ), and the following (wave (t+1) )-and a coordinating exit data file. First, we identified all respondents who were married at the time of death, whose death occurred between 2000 and 2008, and for whom a proxy exit survey was completed during the wave in which the death was reported. We then merged the three waves of data for the surviving spouses with the coordinating exit file, forming a pooled sample of all surviving spouses between 2000 and 2010. Our final pooled sample included 1,246 surviving spouses with complete data.
Measures
Dependent Variable
Two dichotomous outcome measures were developed. One dichotomous measure indicated whether, compared with wave (t−1) , the surviving spouse was frailer at wave (t) ; the second outcome variable measured whether, compared with wave (t−1) , the surviving spouse was frailer at wave (t+1) . To calculate these outcomes, like Yang and Lee (2010) , we developed a Frailty Index (FI) based on 30 items that are available in all seven HRS survey waves used in this study. The FI is comprised of eight chronic illnesses, five activities of daily living limitations, seven instrumental activities of daily living limitations, eight depressive symptoms, obesity (i.e., an individual's body mass index is 30 or greater), and self-rated health. The purpose of using the FI to assess level of health in later life is based on the idea that it is the accumulation of deficits that is important with regard to level of frailty, not the nature of any one particular deficit (Mitnitski, Mogilner, MacKnight, & Rockwood, 2002; Rockwood, Hogan, & MacKnight, 2000) . For each item in which an individual has the presence of a given deficit, that item is scored 1; if an individual has the absence of a deficit, the item is scored 0. The only variable measured differently is self-rated health, which is based on a 5-point ordinal scale and is mapped onto the [0, 1] interval in the following way: 0 (excellent), 0.25 (very good), 0.5 (good), 0.75 (fair), and 1 (poor). With no missing data, the denominator is the theoretical maximum for all individuals (i.e., 30). Although the majority of HRS respondents have complete measures of all 30 items, the exclusion of respondents with no missing responses to all 30 items would decrease the sample size substantially. Therefore, we included any respondents with at least 25 of the 30 items. Previous research shows validity with a reduced set of deficits like ours (Kulminski et al., 2007) .
To code our two dependent variables, we first calculated the FI. The denominator was adjusted based on the total number of completed questions. For instance, if an individual responded positively to 8 and negatively to 20 questions, with two questions unanswered, then the score for this person is 8/28. Our two dichotomous outcome variables were then calculated based on the FI such that increased frailty was determined if, compared with their FI in the wave prior to the death, their FI had increased.
Cognitive Status of Decedent
The cognitive status of the decedent is based on the response in the exit interview indicating whether, at any point prior to the death, the decedent was told by a physician that she/ he had a memory-related disease. The exit survey data from 2002-2010 included a follow-up question to an affirmative response to whether the care-recipient had a physician-diagnosed memory-related disease. Among the 187 participants who had complete data for all three waves of our analyses, including a complete exit survey, and indicated memory disease was present, 76% (n = 142) indicated the individual was diagnosed with Alzheimer's disease or a related dementia prior to death, 16% (n = 29) indicated that the cause of memory problems was due to other problems such as the effects of stroke or circulation problems, Parkinson's or brain cancer, and 9% (n = 16) indicated that did not know the cause of the memory problems. Thus, to encompass this broad group of memory-related diseases, we herein refer to this group of participants as having "dementia."
Characteristics of the Surviving Spouse
We controlled for several characteristics of the surviving spouse in wave (t−1) . Wealth included total housing and non-housing wealth (excluding pensions). Female was a dichotomously coded indicator of gender. Race was measured with four indicator variables: (Non-Hispanic) White; (Non-Hispanic) Black; Hispanic, and Other. Education was measured in years (capped at 17 years). Cognitive performance was based on a 27-point test, which derives from the Telephone Interview for Cognitive Status (TICS) (Brandt, Spencer, & Folstein, 1988) , which was validated for use as a screening instrument for cognitive performance (Welsh, Breitner, & Magruder-Habib, 1993; Plassman, Newman, Welsh, Helms, & Breitner, 1994) . The TICS includes a 10-word immediate and delayed recall test (0-20 points) that measures episodic memory, a serial 7s test that measures working memory (0-5 points), and a backwards-counting test that measures mental processing speed (0-2 points). Scores range from 0 to 27, with higher scores indicating better cognitive performance. Cognitive data were collected at each wave of data collection. This measure has been validated with cutpoints differentiating normal cognitive functioning (≥12) from "cognitive impairment, not demented" (6-11), and dementia (<6) based on findings from the Aging, Demographics, and Memory Study, a national population-based study of dementia whose participants are drawn from the HRS (Crimmins, Kim, Langa, & Weir, 2011; Langa et al., 2005) . A total of 63 caregivers had scores of less than 12 and were eliminated.
Care Situation
Based on data from the exit interview, we controlled for four variables associated with the care situation. Months between death and interview was calculated based on the number of days between the time in which the exit interview occurred and the day in which the death occurred. Death was expected is a dichotomous measure based on the response to the question: "Was the death expected at about the time it occurred, or was it unexpected?". Illness lasted 1 year or longer is a dichotomous measure based on the response to the following question: "About how long was it between the start of the final illness and the death?" Individuals who responded "more than a year" were coded "1." Caregiver hours per day is a continuous measure, based on an answer to the following question, "On the days [you] helped [your spouse], about how many hours per day was that?" Information regarding the type of care provided was based on caregiver report of spousal limitations in basic activities of daily living (ADLs) including dressing, walking, eating, bathing, toileting, and transferring into and out of bed. Total scores ranged from 0-6 reflecting the total number of ADLs requiring assistance.
Analysis Plan
To address our research questions, the analyses proceeded in two steps. First, bivariate differences were tested between dementia (n = 187) and non-dementia caregivers (n = 1,059, Table 1 ). Second, logistic regression was used to assess the impact of the decedent's cognitive status relative to increased frailty at wave (t) and at wave (t+1) ( Table 2) . Although we used data from multiple waves to construct the data file, each person had only one observation in the final data file, so non-nested logistic regression was an appropriate application here. Table 1 provides descriptive statistics of our sample. Of the total sample, 15.0% of participants were dementia caregivers. In regards to changes in frailty over time, compared with the wave prior to the death, 29.3% of the total sample experienced increased frailty by wave (t) , and 33.9% experienced increased frailty by wave (t+1) . However, as shown in Figure 1 , relative to non-dementia caregivers (n = 1,059), a significantly higher percentage of dementia caregivers (n = 187) experienced increased frailty-28.1% versus 36.4% at wave (t) and 31.6% and 46.5% at wave (t+1) , respectively. In addition, dementia caregivers were significantly older, wealthier, and more likely to report that the death was expected at the time it occurred and that the illness of the care-recipient lasted more than 1 year (see Table 1 ).
Results
Descriptive Results
To explore some of the potential factors involved in these differences, we performed analyses (not shown) to assess potential differences in care burden. Specifically, we used logistic regression to predict whether caring for a spouse without memory disease predicted differences with regard to cause of death and type of ADL care provided (controlling for demographic differences), and examined chi-square differences in the number of ADL impairments. Our analyses indicated that relative to those without dementia, care recipients with dementia were less likely to have died due to cancer, cardiovascular, immunological, or digestive issues. Among participants who provided information about ADL care at the end of life (n = 882), those caring for individuals with dementia (n = 106) were more likely to have provided help with dressing and eating relative to those without dementia. The average number of ADL impairments was 4.1 (SD = 2.1) for individuals with dementia. In contrast, in the "no dementia" group (n = 776), the average number of ADL impairments was 2.3 (SD = 2.4). Using a Pearson chisquare analysis, we examined group differences in caregiving demands between dementia and non-dementia caregivers and found that the dementia caregivers provided significantly more assistance in the form of ADLs compared with the nondementia caregivers (n = 882, χ 2 = 57.96, p < .001).
Logistic Regression Models Table 2 shows the results of regression models using the logit link function for dichotomous data. The coefficients represent odds ratios of being frailer. Model 1 predicted odds of being frailer at wave (t) , and Model 2 predicted odds of being frailer at wave (t+1) . In Model 1, consistent with bivariate results, dementia caregivers have 40.7% higher odds of being frailer at wave (t) , and Model 2 shows that they have 94.3% higher odds of being frailer at wave (t+1) . In addition, in Model 1, no spousal caregiver characteristics were associated with higher odds of frailty, but in Model 2, only age was a significant predictor of increased frailty. With regard to the care situation, Model 1 indicates that as the number of months between the death and the interview increased, so also did odds of experiencing increased frailty, but this did not remain in Model 2. Similarly, providing care to an individual for 1 year or longer predicted higher odds of increased frailty in Model 1, but not in Model 2, suggesting that the length of care provided no longer remained an important factor in the longer term health effects of caregiving. However, individuals who expected the death to occur had 46% higher odds of being frailer in Model 1, and this effect remained in Model 2, with individuals still having 38.9% higher odds of increased frailty.
Discussion
Using the 1998-2010 waves of the HRS data, we sought to assess the impact of care-recipient cognitive status on spousal caregiver health outcomes, specifically in regards to frailty. Results of our study show that dementia caregivers are significantly more likely to experience increased frailty over time relative non-dementia caregivers. Furthermore, these findings are meaningful because the negative health consequences of caring for a spouse with dementia persist following the cessation of caregiving duties (i.e., death of care-recipient). Our findings are novel and extend prior work on the impact of spousal caregiving by being the first study, to our knowledge, to compare two groups of spousal caregivers based on care-recipient cognitive status both during active and inactive caregiving phases. This type of comparison builds on previous work comparing dementia caregivers and non-caregivers by demonstrating that dementia caregivers are at increased risk for frailty outcomes compared with other caregiver groups (i.e., non-dementia caregivers).
There were factors from Model 1 (i.e., wave at which spousal death was reported) that were significant predictor variables, which were not found to be significant in Model 2 (i.e., 2 years following wave at which death was reported). These factors included the number of months between the death of the care-recipient and data collection and providing care for more than 1 year. A potential explanation for the difference in significant predictors of frailty could be a time effect in that the stress surrounding the end-of-life Scores range from 0 to 27, with higher scores indicating better cognitive performance. *p < .05. **p < .01. ***p < .001.
care of the spouse (i.e., wave at which spousal death was reported) was more intense and had a greater acute negative impact on health, but these effects on health did not show any long-term effect in regards to frailty as spousal caregiving demands ceased and the intensity of grief experienced diminished over time. This study was framed by the chronic stress model proposed by Vitaliano and colleagues (2011) . This model includes multiple risk factors and feedback loops regarding chronic stress and caregiving. Future studies should seek to disentangle the specific chronic stress factor(s) that differ between dementia and non-dementia spousal caregivers in relation to increased frailty. A possible factor attributing to these differences between caregiving groups could be related to a greater number of hours spent providing care for spouses with and without dementia. Although our sample shows no statistical difference in terms of the hours of care provided (~6 to 7 hr per week on average), previous studies have shown that dementia caregivers spend as much as 35 hr more per week providing direct care (Ory, Hoffmann, Yee, Tennstedt, & Schulz, 1999) . Even if the hours reported by caregivers in this study are accurate, it is plausible that the increased number of ADL care provided to those with dementia could place a greater burden on dementia caregivers resulting in potentially greater chronic stress and subsequent increases in frailty. However, other psychosocial, behavioral, or physiological factors may be contributing to increased frailty in the dementia caregivers and need further exploration. As shown by Vitaliano and colleagues (2011) , a potential confounding factor could be assortative mating (Buss, 1984) in which persons have the tendency to marry persons with similar lifestyle factors that may influence their risk of negative health outcomes including frailty. There is also the consideration that health may improve once the caregiver responsibilities are completed in the case of spousal death, but could be complicated by bereavement-related stress in a relatively small group of bereaved caregivers (i.e., 23% according to Shulz, Boerner, Shear et al., 2006) .
This study has limitations that should be considered when interpreting the results. First, although previous research has identified negative health consequences associated with spousal caregiving, we assess the relative health effects of caring for an individual with dementia by using a sample that only includes spousal caregivers who cared for their spouse at the end of life. Second, it should be noted that the self-reported physician diagnosis of "dementia" in the HRS does encompasses a variety of etiologies, which have different symptomatic profiles that may impact caregiverstress over time. Additionally, the diagnosis of "dementia" cannot be corroborated with clinical evidence or cognitive performance tests, which reduces the validity of the "memory-related disease" categorization. Third, information regarding the caregiving demands (i.e., caregiver hours per day, anticipation of death, length of illness) were data that were collected retrospectively following the death of the spouse and therefore are subject to adaptation bias. Lastly, we excluded spousal caregivers without complete data for the three-wave study period included in our analyses, individuals who either died or did not participate in the study during one or more of the three consecutive waves. Therefore, our sample selection may produce biased findings. However, because non-participation is likely associated with worse health, our findings may represent a conservative estimate of the effects of caring for an individual with dementia at the end of life.
These limitations aside, our study contributes to understanding the impact of spousal caregiving in several ways. No previous research has examined the effect of caregiving on frailty for spousal dementia versus non-dementia caregivers. Our understanding of the impact of spousal caregiving on the health of the caregiver is based largely on previous work comparing caregivers and non-caregiver spousal dyads. This study is the first to show that the impact of caring for a spouse with dementia at the end of life has a relatively greater negative impact on overall health, and that this impact not only remains but also accelerates as time passes. Additional studies should explore the physiological and cognitive impact of dementia versus non-dementia caregiving in spousal dyads that would provide empirical support for an revised theoretical model that builds on the chronic stress model, identifying more refined variations in types of stress and associated caregiving demands based on the cognitive and/or physiological status of the care-recipient. Future studies should explore possible explanations for this health differential over time including increased age of the caregiver or potential continued chronic stress due to complicated bereavement. In addition, further analysis should examine differences in the rate of accelerated frailty between dementia and non-dementia caregiving associated with specific health conditions (e.g., cancer, diabetes, pulmonary, and so on.).
According to the Thies et al. "Facts and Figures," the total annual direct cost of caring for individuals with dementia totals $203 billion dollars with approximately two-third the cost directly attributed to Medicare and Medicaid. Furthermore, caregivers contribute a significant amount of indirect financial costs through unpaid care of loved ones with dementia; specifically, 15.4 million informal caregivers provided more than $216.4 billion dollars in unpaid care (Thies et al. 2013) . Of particular interest to this study, in 2012 dementia caregivers spent an additional $9.1 billion dollars in their own medical care due to health conditions related to the stress of caregiving. Many caregivers of persons with dementia are spouses who are older themselves and as identified in this and previous studies (Braun et al., 2009; Vitaliano, Zhang, & Scanlan, 2003) are at increased risk of health decline compared both with non-dementia caregivers and non-caregivers. Particular attention needs to be paid to interventions to reduce caregiving stress, but particularly associated with caring for a spouse with dementia in order to prevent accelerated frailty in this particular population.
Conclusion
This study shows caring for a spouse with dementia at the end of life increases odds of becoming frailer, with odds increasing as time passes relative to non-dementia caregivers. These findings have important policy implications due to anticipated increases in demand of informal caregivers as prevalence rates of dementia increase over time. It is essential that we promote not only the health of the care-recipient but also the spousal caregiver as well. As such we suggest opportunities to enhance access to caregiving respite services may be especially critical to spousal dementia caregivers. Such support may reduce the acceleration of downward health decline associated with spousal caregiving at the end of life and enhance the opportunities of dementia caregivers to remain healthy and independent longer following the death of their spouses.
